Cladistic analysis yields nested hierarchical patterns of relationships among terminals, regardless of whether such patterns actually exist. Therefore, a necessary assumption underlying phylogenetic interpretation of a cladogram is that the tree represents a hierarchical pattern of divergence among individuated groups (Nixon and Wheeler, 1990; Davis and Nixon, 1992) . This was earlier made clear by Hennig (1966) , who pointed out that phylogenetic analysis is inappropriate for assessing relationships among biological entities that are related by tokogeny (i.e., current interbreeding) and not by phylogeny. Cladistic analysis as a means to infer phylogenetic relationships can be meaningfully performed only among taxa.
The phylogenetic species concept (PSC; Platnick, 1979; Cracraft, 1983; Nixon and Wheeler, 1990) demands that species be diagnosed on the basis of unique combinations of character states. Arguing that "phylogenetic analysis using less inclusive terminals cannot be conducted to discover phylogenetic species" (Davis and Nixon, 1992:427) , Davis and Nixon presented a new method for empirical diagnosis of phylogenetic species, population aggregation analysis (PAA), which relies on the criterion of " xation of alternate characters in different population systems" (p. 423). PAA may have developed out of Davis's interest in cladistic treatment of allozyme data (e.g., Davis and Manos, 1991) , which have been analyzed in the past by comparing differences in allele frequencies among populations. Because frequency-based comparisons are not compatible with the cladistic method's central concept of synapomorphy VOL. 48 (Pimentel and Riggins, 1987; Crother, 1990) , cladists require a different means to identify discrete character states from allozyme electromorphs and other types of data.
In this paper I examine some of the implications of using PAA to delimit species with DNA sequence data and address Davis and Nixon's claim that cladistic analysis of gene trees is an inappropriate inferential method for investigating the species boundary. Although Davis and Nixon's emphasis on empiricism and their incisive views on tokogeny and phylogeny are praiseworthy, their proscription of cladistic methods from investigating the limits of species invalidates a powerful empirical tool for identifying the lower boundary of taxa. Further, the manner in which PAA treats homoplastic characters in DNA sequences engenders an extreme differential character-weighting procedure that can contradict a parsimonious interpretation of empirical evidence. I propose an alternative method for delimiting phylogenetic species that offers a more thorough explanation of the data and thus provides a more rigorous test of the hypothesis of speci c distinctness.
DEFINITIONS

Population Aggregation Analysis
PAA (Davis and Nixon, 1992) A few details of PAA are discussed in more detail below.
Limits of Populations
According to the PSC, species are "the smallest aggregations of populations (sexual) or lineages (asexual) diagnosable by a unique combination of character states in comparable individuals (semaphoronts)" (Nixon and Wheeler, 1990:218) . Both the PSC and PAA require that some notion of population limits be assumed as background knowledge (Popper, 1959) . Davis and Nixon (1992) de ned populations as "the arenas in which sexual reproduction, genetic recombination, and character xation occur" (p. 429), but only direct observation at the local level can determine whether the criterion of current interbreeding (tokogeny) has been satis ed. Because of the difculty of ascertaining the degree of tokogenetic connection among more-inclusive groups, PAA uses as its initial entities for aggregation various geographically contiguous groups (demes) that are observed or assumed to be interbreeding. The separation of these minimal populations as phylogenetic species or their integration into more-inclusive species is empirically testable via examination of character distributions shared among exemplar organisms within and among populations. PAA thus avoids the problem of assessing potential interbreeding, which has been a frequently attacked difculty of Mayr's (1940) biological species concept (e.g., Nixon and Wheeler, 1990) . Because clonal species do not exhibit tokogenetic relations, the justi cation for performing PAA in such instances is less obvious, but the method's focus on empirical evidence (in keeping with the PSC) makes it perfectly applicable to sexual and asexual taxa alike.
Attributes
Nixon and Wheeler (1990) did not specically de ne "attribute," but its meaning as a categorical term for units of heritable variation is made clear by the statement: " [W] e consider all inherited attributes of organisms to be either traits or characters" (p. 217).
Identi cation of attributes, like identi cation of local populations, is a prerequisite of PAA (and of cladistic analysis). The features that Davis and Nixon (1992) used in their examples are simpli ed haplotype or allele differences or the presence/absence of completely abstract attributes.
If attributes segregate independently, as morphological features and allozyme loci are typically presumed to do, then the alternative xation of individual characters constitutes plausible evidence of separate taxonomic status regardless of non xation of other characters. Other, independent features that are not alternatively xed may be explained by retention of ancestral polymorphism or introgressive hybridization subsequent to lineage splitting. In such circumstances, Davis and Nixon's PAA is an appropriate method for identifying characters that diagnose phylogenetic species.
The issues discussed in this paper bear on the interpretation of DNA sequences as sources of evidence for species diagnosis, because much of the impetus for PAA stems from concern about the gene tree/species tree problem in phylogenetic studies of sequence data (Davis, 1996) . Although any short stretch of DNA tends to evolve as a single unit (Maynard Smith and Haigh, 1974) , mitochondrial DNA (mtDNA) serves as a paradigm in this discussion because its maternal inheritance and lack of recombination result in a gene genealogy with a strictly bifurcating hierarchy, even among organisms that are otherwise tokogenetically related (reviewed by Harrison, 1989; . Because mtDNA displays this pattern, phylogenetic hypotheses based on mtDNA sequences (or restriction sites) may be especially prone to cladistic overresolution (Davis and Nixon, 1992) .
As a source of phylogenetic evidence, DNA sequence data can be viewed in two ways. First, a region of DNA sequence can be considered as a single attribute (Doyle, 1992) and its various alleles scored as alternative, nonadditive states. Second, a DNA sequence may be considered as a physically linked string of attributes that are treated as separate, independent pieces of evidence (Davis, 1996; Brower and Schawaroch, 1996) . Recognizing that the former option greatly reduces the information content of the data, most molecular systematists have opted for the second alternative. Viewing individual nucleotide positions as attributes yields substantially greater cladistic resolution, but it may result in resolution of genealogical lineages within groups of tokogenetically related individuals, which might be interpreted spuriously as a phylogenetic pattern. This is the type of problem that led Davis and Nixon (1992) to propose PAA in the rst place.
An important but heretofore overlooked aspect of the PAA procedure for DNA sequences is this speci cation of how the data will be treated in the analysis. The sequenceas-a-single-attribute approach will be referred to here as PAA1, and the string-ofattributes approach will be called PAA2. Given that the goal of the PSC is to identify the smallest cladistically diagnosable groups, the reductionist view of DNA sequences (PAA2) seems preferable in principle to the conservative holistic alternative (PAA1): to obtain maximal information content, the attributes of sequence data should be atomized to their least-inclusive units (individual nucleotide sites). However, both PAA1 and PAA2 can yield counterintuitive results, and a third procedure for identifying terminal taxa, cladistic haplotype aggregation (CHA), may be superior to both.
Cladistic Haplotype Aggregation
The following stepwise procedure for CHA is modi ed from the PAA procedure outlined above. Doyle, 1995) .
5. Conduct cladistic analysis of haplotypes to test for structure among remaining unaggregated populations. (Although I used equal-weighted parsimony analyses in the examples here, the principles discussed in this paper do not depend on any particular weighting scheme. Equal weighting is the most general form of weighting [Kluge, 1989] and therefore is preferable on philosophical grounds as the least assumption-laden approach.) 6. Divide systems of populations that are topologically distinct into separate phylogenetic species (see discussion below).
CHA can be performed with use of either a traditional, rooted cladogram or an unrooted network, graphically represented by either a Steiner tree, with all observed entities at tips of branches, or a minimalspanning tree, as mtDNA "haplotype networks" are often represented (Page, 1987) . The PSC de nes species not on the basis of apomorphies, but rather on the basis of xed character state differences (Platnick, 1979; Nixon and Wheeler, 1990) . Thus, each population is a phylogenetic species if the haplotypes of all its members are joined in a contiguous section of an unrooted network, separated from each other population by a single branch that represents parsimoniously inferred character state transformations. These sections of the network represent phylogenetic species, regardless of whether they are diagnosed by an apomorphy or not. Such structure implies reciprocal monophyly or the monophyly of one species with respect to the other (which would then be a plesiospecies [Olmstead, 1995] or ferespecies [Graybeal, 1995] ), although Nixon and Wheeler (1992) have argued that terms implying a phyletic relation should not be applied to the description of the relationship between two terminals. It is emphasized that the cladistic results of CHA do not imply phylogenies, but rather represent parsimonious patterns of empirical grouping that corroborate or reject speci c a priori hypotheses of species boundaries. Therefore, it may be useful to refer to the relationship between populations (or groups of populations) connected by a single branch to other such groups simply as distinct: species are distinct, whereas populations are not, based on the empirical evidence in hand. Note that a distinct phylogenetic species can be connected to multiple other species in a network as long as only a single branch connects it to each of them (Fig. 1) . Conversely, the hypothesis of distinctness between two putative phylogenetic species is rejected if the haplotypes representing those groups are connected to one another by more than one branch in the network, or if one group is split in the network by the other group. A useful way to visualize the above distinction is to imagine pruning the species off the network one by one. If all the individuals of a population can be separated from the network with a single cut at any point during a sequential pruning procedure, that population is diagnosable as a phylogenetic species. Some species can be pruned off only after others have been removed, but this does not affect their status as phylogenetically distinct entities.
TESTS OF PAA1, PAA2, AND CHA WITH CONTRIVED DATA Davis (1996) presented an example (Fig. 2) in which PAA and phylogenetic interpretations of allele relationships disagreed because alternative alleles present in each of two populations were not genealogically most closely related within the populations (note that this example treated the locus as a single attribute and the alleles as unitary attribute states, de ned above as PAA1; PAA2 was not presented). To systematists interested in relationships among taxa and not in the relationships among their constituent alleles, the structure of the allele phylogeny is relevant only as a test for the distinctness of the populations (or phylogenetic species). In Davis' example (which might represent a case of balanced polymorphism between alternative alleles at a diploid locus), evidence from the gene genealogy does not identify the populations as separate, even though they are diagnosable by PAA1, based on possession of alternative combinations of characters. In Davis's hypothetical case, therefore, PAA1 corroborated the hypothesized distinctness of populations that cladistic analysis of alleles failed to distinguish. (For another hypothetical case in which PAA1 provides resolution that a cladistic analysis does not, see Zink and McKitrick, 1995.) Perhaps more disconcerting is the following hypothetical situation, in which both PAA1 and PAA2 diagnose groups whose separation is contradicted by the weight of the evidence when sequences are treated as strings of linked attributes and analyzed with the cladistic method. Figure 3 shows an imaginary DNA data set representing six individuals from two populations and an outgroup. Under PAA1, ve of the six sequences are unique, and even though nei-FIGURE 2. A case (after Davis, 1996) in which cladistic analysis fails to resolve xed differences between two populations, but PAA1 succeeds. Population 1 is xed for alleles A and C, whereas population 2 is xed for alternative alleles B and D. The allele network implies no hierarchical structure between the populations. . PAA2 diagnoses these populations as distinct on the basis of characters 1-6 and ignores traits 7-13. A strict consensus tree from seven cladograms for these data is presented to the right (length = 31, consistency index = 0.806). Note that the only unambiguously supported clade con icts 1b and 2a with the notion that populations 1 and 2 are separate phylogenetic entities.
ther population contains a xed state, both are diagnosable, because the two populations share no identical attribute states in common (Davis and Nixon, 1992:428) . This trivial diagnosability of species composed of an amalgamation of individuals displaying unique attribute states will be discussed further below.
Under PAA2, characters 1-6 are diagnostic for local populations 1 and 2, but traits 7-13 contradict this grouping. Although the pattern implied by the homoplastic traits actually represents the weight of the evidence in cladistic analysis, that evidence is discarded from consideration by PAA2 because the traits fail to support the distinction between the populations that are hypothesized a priori to be separate. Indeed, if only one nucleotide site were compatible with the hypothesis that the groups are distinct, no amount of contradictory cladistic evidence would overthrow PAA2's decision to separate them as different phylogenetic species.
Because the nucleotides are not independently segregating (unless frequent recombination is invoked), the disregard by PAA2 of con icting traits in this example is not justi able on the grounds of lineage sorting.
PAA2 under such circumstances is therefore circular (Bremer and Wanntorp, 1979) , because it selects from among the observed data only those attributes that support the groups assumed to exist a priori. The resulting identi cation of two phylogenetic species is at odds with a parsimonious interpretation of all the evidence. CHA of matrix 3 (using branch-and-bound search, PAUP 3.1.1 [Swofford, 1990] ) nds seven mostparsimonious cladograms, the consensus of which implies no cladistic structure between the two populations and thus rejects the hypothesis that they are distinct species.
While PAA may delimit species that are not supported by CHA, it can also err in the opposite way, by failing to recognize population differentiation where it exists. Figure 4 shows another imaginary DNA data matrix that may be interpreted as either in the PAA1 sense as a single, complex character, or under PAA2 as a string of spatially adjacent but independent characters (imagine, for example, that these are the only variable sites in a 1,000 base-pair sequence). This matrix is particularly interesting because, under either PAA interpretation, it contains no characters with xed dif- ferences between populations 1 and 2, yet CHA of the haplotypes implies that both populations are monophyletic. Thus, while CHA infers a hierarchical pattern of haplotypes consistent with the boundaries of the populations that were hypothesized a priori, resulting in two phylogenetic species, PAA1 relies on the arbitrary lumping of individuals with unique haplotypes to make a distinction between the populations, and PAA2 aggregates the populations into a single phylogenetic species.
The reason for these contradictions is that, unlike CHA, PAA does not use character congruence to distinguish homology from homoplasy. The PAA1 interpretation is that every haplotype is unique, offering no evidence of grouping at all. Because PAA2 considers attributes (nucleotide sites) one at a time, each attribute-state shared among individuals in this data set is viewed as identical by descent (ancestrally polymorphic), which results in all the attributes (nucleotide sites) being scored as traits instead of characters. For example, attribute 16 is scored as a trait because the A state is shared by 1a, 1b, 1c, and 2g. PAA2 forces this conclusion because it assumes that all attribute states shared between populations are homologous, regardless of their compatibility or incompatibility with other attributes. CHA reveals an alternative, more-parsimonious interpretation: that the A state in 2g is independently derived by transformation from G, and is not identical by descent to the A's in population 1. Given the substantial levels of homoplasy evident in many molecular data sets, this conservative aspect of PAA2 may often result in erroneous dismissal of relevant evidence.
These examples were contrived to show that PAA and a cladistic approach to species delimitation could yield different results for the same data under special conditions. However, as with many methodological controversies in systematics, the methods are likely to agree in their interpretations of many real molecular data sets. DeSalle and Vogler (1994) compared PAA2 and cladistic analysis in two empirical examples, using mtDNA sequences from Hawaiian Drosophila and the beach tiger beetle, Cicindela dorsalis. In their analyses, the two methods re-covered congruent terminals. My PAA1 assessment of their Drosophila data revealed that only three groups of two and two groups of three shared haplotypes among three of nine populations and 12 of 49 individuals studied (but the species were diagnosable by the trivial aggregation of individuals displaying unique haplotypes). Retrospective PAA1 assessment of the Cicindela example was not possible because DeSalle and Vogler presented their data as population summaries with unspeci ed polymorphisms at many sites. The following examples, again based on published data, exhibit the close agreement between PAA2 and CHA.
EMPIRICAL EXAMPLE 1: ATLANTIC GREEN TURTLES Encalada et al. (1996) published a phylogeographic analysis of green turtle (Chelonia mydas) mtDNA control region sequences from nine nesting beaches around the Atlantic Ocean. When PAA1 is applied to the haplotypes interpreted as single attributes, three nonoverlapping geographical clusters of populations (natal homing beaches) are discovered (Fig. 5 ) from (Florida + Mexico + Costa Rica + Aves Island + Suriname), (Brazil + Ascension Island + Guinea Bissau), and Cyprus. At least some identical haplotypes are shared between beaches within these clusters, but no identical haplotypes are shared among clusters. Thus, for example, Haplotype III links Florida, Mexico, Costa Rica, and Aves Island, while Haplotype V links Mexico, Aves Island, and Surinam. A transitive grouping relation connects Surinam and Florida, even though the two areas share no haplotype in common (Davis and Nixon, 1992) .
When the sequences are interpreted as strings of attributes in PAA2 (Fig. 6) , none of the groups implied by aggregation of haplotypes holds up. In fact, no characters are discovered in the data (they are all traits, seven of them autapomorphies), rendering no population diagnosably distinct from any other. Thus, PAA1 implies three phyloge- netic species of green turtle among the individuals sampled, while PAA2 implies one.
CHA of these data reveals that although two of the three hypothetical populations exist as discrete sections of the parsimony network (Fig. 7) , they cannot be considered as distinct, because the third population is connected to each of them at more than one point. There is no single point at which the network may be pruned to remove all individuals of one population and none of another. This means that none of the three populations is cladistically diagnosable, even though a hierarchical pattern is implied and two of the groups cohere within the network. The hypothesis that the western, eastern, and Cyprus groups are distinct phylogenetic entities is rejected, as it was in the PAA2 analysis. Note that even in this minimal data set, two nucleotide sites are inferred to have undergone parallel, homoplastic change. Although it does not alter the result of PAA2 in this case, this observation supports the concern that homoplasy may FIGURE 6. Nucleotide differences among green turtle haplotypes, from Encalada et al. (1996: Fig. 2 ). Open squares = western population, solid squares = eastern population, solid circles = Cyprus population. Haplotypes representing the western population are not contiguous, joining both the other populations at multiple points in the network. None of the populations is distinct, and diagnosis of separate phylogenetic species or distinctive evolutionary lineages (Encalada et al., 1996) is unwarranted. Nucleotide changes listed in Fig. 6 are indicated with hashmarks. The four homoplastic character state transformations are in bold italics. An alternative, equally parsimonious optimization of haplotype XVIII attaches it to haplotype I, implying a reversal at site 167 (indicated by dashed line).
represent a confounding factor to PAA2 in larger data sets. Encalada et al. (1996:479) claimed that "two distinctive evolutionary lineages were observed corresponding to the western Caribbean and Mediterranean rookeries, and the eastern Caribbean, South Atlantic and West African rookeries." The conclusion reached by CHA and PAA2 analyses is contrary to that claim. Although ecological evidence implies a strong tendency for female natal beach delity in these turtles, the mtDNA data do not exhibit the structure necessary to conclude that any of the regional populations are distinct as separate phylogenetic species.
EMPIRICAL EXAMPLE 2: GEOGRAPHICAL RACES
OF HELICONIUS ERATO To further compare the results of PAA and CHA, I reexamined my own data (Brower, 1994 (Brower, , 1996a ) from a phylogenetic study of mtDNA among geographical races of the Müllerian mimetic butter y, Heliconius erato. Fifty individuals representing 17 geographically and phenotypically distinct races were examined. PAA1 (Fig. 8) reveals little structure: 38 haplotypes were discovered, of which 35 occurred only once in the sample. In the three instances of haplotypes occurring more than once, PAA1 allows aggregation of two or three different races, but the majority of races (10) are diagnosable as distinct by the agglomeration of individuals with unique haplotypes. For example, the races emma, favorinus, venustus, luscombei, and lativitta can be diagnosed with respect to one another based on the results of PAA1, yet individual haplotypes from these races differ only by autapomorphies or homoplasies from haplotypes exhibited by representatives of the other races. The DNA evidence does not reject the hypothesis of phylogenetic distinctness in these cases, but neither does it offer particularly compelling support for most of the species identi ed. PAA2 permits diagnosis of four phylogenetic species: two individual races (chestertonii and himera), and two aggregated groups of races from east and west of the Andes, respectively (Fig. 8) . H. himera, represented by a single individual, is diagnosable by numerous characters with respect to the other species. This could be in part due to the minimal sample, since many of the individual sequences display autapomorphies that are viewed as traits when FIGURE 8. PAA1 and PAA2 analyses of variable sites in mtDNA sequences from geographical races of Heliconius erato (Brower, 1996a) . PAA1 (right) reveals that most haplotypes are unique to one individual (horizontal bars), and three haplotypes are shared by multiple individuals (connected networks). Characters identi ed by PAA2 are indicated by vertical shaded bars. PAA2 aggregates most races into two large species, but two races are individually diagnosed.
compared with other representatives of their populations. However, Jiggins et al. (1996) have recently corroborated the distinctness of H. himera from H. erato with evidence from hybridization studies. H. chestertonii is not diagnosable by any single character, but rather displays a unique combination of characters that allow its separation from the other species. None of the other races are diagnosable as distinct entities, and all were aggregated into species representing large and well-supported biogeographical regions (Brower, 1996b) .
CHA (Fig. 9 ) reveals the same phylogenetic species identi ed by PAA2, and by my earlier (Brower, 1994 (Brower, , 1996a cladistic analyses (although I did not de ne them as such at that time; see Brower, 1996b) . The eastern and western species are each supported by numerous apomorphies, including all 12 of the characters identied by PAA2 as supporting these groups, and an additional 16 homoplastic but nevertheless informative sites dismissed by PAA2 as traits. H. himera is likewise supported by 10 autapomorphies that are homoplastic elsewhere, in addition to the characters identi ed by PAA2. As in PAA2, H. chestertonii exhibits no apomorphies in CHA and therefore is not supported as a clade, but it is nevertheless diagnosable as a phylogenetic species because it resides on a contiguous section of the tree that is connected to each of the other species by a single branch. By contrast, the numerous resolved nodes within the broad eastern and western species fail to support the initial hypotheses of grouping (the individual races) because the clades unite individuals from diverse races, and are therefore rejected as evidence for grouping.
TESTING HYPOTHESES OF SPECIES LIMITS
In this section, I will argue that CHA is equivalent to PAA in its assumptions of background knowledge and its falsi ability but superior to PAA by offering a more thorough evaluation of the information content of the data. This discussion should not be construed to imply that I believe CHA FIGURE 9. CHA of mtDNA sequences from geographical races of Heliconius erato (Brower, 1996a) . The same phylogenetic species are identi ed as in PAA2. Tree length = 144 steps, consistency index (excluding uninformative characters) = 0.582. is more realistic or offers a more accurate delimitation of real species in nature than does PAA or other methods. The question instead is which of these methods offers the boldest approach to the evidence, given the goal in PSC of an empirical criterion of diagnosability. Davis and Nixon (1992) began with an admonition not to confuse cladistic and phylogenetic analyses. As noted in the introduction, this distinction is important be-cause the numerical procedure of cladistic analysis will always produce a hierarchical pattern of relationship among terminals, even if the terminals are not hierarchically related. The logical error arises not in the performing of a cladistic analysis per se, but in erroneously interpreting whatever branching pattern emerges as being a representation of phylogenetic descent relationships.
Although naive phylogenetic interpretation of a cladistic result will be spurious if the patterns of relationship among members of the system under study are not hierarchical, I suggest that the cladistic method is nevertheless useful as a test of a prior hypothesis of grouping. As noted, the cladistic method inevitably yields some hierarchical pattern, but not any hierarchical pattern in particular. Thus, if one proposes a speci c conjecture that a collection of similar organisms from one place is distinct from a collection of similar organisms from some other place, an independent cladistic test of this hypothesis based on empirical attributes of samples of organisms from each place will constitute evidence for or against the distinctness of the groups from which the samples were drawn. If the resulting network implies a distinct relationship between the populations (see criteria listed above), then the data support the existence of two separate phylogenetic species. If members of the two populations are connected by multiple branches, then they cannot be discriminated cladistically by those data, their separation into more than one phylogenetic species is not warranted, and the hypothesis of phylogenetic distinctness is rejected.
This use of cladistics to test speci c hypotheses of minimal hierarchical structure among populations would seem to be in keeping with the hypothetico-deductive principles espoused by many cladists (e.g., Farris, 1983; Nixon and Wheeler, 1992; Kluge, 1997) . As tests of a particular hypothesis of hierarchical structure, CHA and PAA accept similar assumptions as background knowledge, including the assumption that individual organisms can be selected as exemplars of intuitively recognized natural groups, prior to any formal data gathering.
When it is speci ed that a phylogenetic interpretation of the cladistic result is contingent on corroboration of the initial hypothesis of grouping, then the cladistic approach to species delimitation is not tautological, because there are many potential falsi ers (cladograms) that could reject the hypothesis. PAA and CHA are therefore both defensible as alternative means to test the hypothesis that a particular hierarchical relation exists among populations, based on attributes of individual organisms.
But the hypothesis-testing application of cladistic parsimony described here is not only defensible as a criterion for phylogenetic species delimitation based on DNA sequence data, but also philosophically superior to either of the forms of PAA differentiated above. Because CHA takes fuller advantage of the information content of the evidence, it offers a more rigorous test of the initial hypothesis. PAA1 drastically reduces the explanatory power of sequence data by discarding the hierarchical structure of the gene tree. This amounts to a failure to account for the additivity of the transformation series connecting alternative attribute states of an incredibly complex character, which is clearly at odds with the notion that maximal information content of the data is desirable (Mickevich and Mitter, 1981; Farris, 1983) . From a practical perspective, PAA1 recognizes many individuals that display unique attributes within and among populations. However, these offer no obvious corroboration or rejection of any hypothesized pattern of speci c distinctness because autapomorphic states of a single, unordered multistate character proscribe no groups: the observer can arbitrarily recognize as many phylogenetic species as there were hypothesized populations in the rst place. Such a "test" is no test at all. Because PAA1 frequently fails to reject hypotheses in this manner, the method does not represent a bold approach to phylogenetic species delimitation.
Although PAA2's treatment of individual nucleotide sites represents a more rigorous investigation of the evidence, its exclusive focus on characters with xed differences between a priori designated pop-ulations discards information from homoplastic traits that may contain evidence of contradictory grouping in cladistic analysis. This is well illustrated by the Heliconius data set, in which PAA2 and CHA inferred exactly the same groups, but the groups were supported by more than twice as many attributes in the latter. That example shows that PAA2 ignores evidence (potentially the preponderance of the data)that could be relevant to the resolution or nonresolution of clades and to the splitting or lumping of phylogenetic species. Corroboration of a pattern by characters selected ad hoc from a larger data set is not equivalent to a globally parsimonious interpretation of all the evidence on the basis of character congruence (Farris and Kluge, 1985; de Pinna, 1991) .
AN EMPIRICAL WORLD VIEW
The true natures of species, populations, individuals, and the like certainly rate as important philosophical problems (Rieppel, 1988; Frost and Kluge, 1994; Baum and Donoghue, 1995) , but metaphysical concerns that cannot be addressed with empirical data should not hamper the acquisition of scienti c knowledge (Popper, 1959) . The goals of empirical systematics are the most general hypotheses of grouping, based on the broadest range of relevant evidence and interpreted in light of the minimal necessary and suf cient assumptions of background knowledge (Kluge, 1989) . Although hierarchy is assumed by the cladistic method (and other tree-building approaches), the existence of a particular hierarchical pattern is always a hypothesis, never a fact, and as such remains a testable hypothesis (Bremer and Wanntorp, 1979; Brady, 1985) .
The line of death between phylogeny and tokogeny (Vrana and Wheeler, 1992 ) is likewise testable only as an empirical relation, not as a metaphysical thing. Many of the ideas about the fuzziness of species (cf. Baum and Donoghue, 1995; Baum and Shaw, 1995; Maddison, 1995 Maddison, , 1997 spring from preoccupation with the ontological problem of locating this boundary. Pattern cladists (and, de facto, all systematists who diagnose species based on characters) vault this quagmire by abandoning the search for "the species boundary," and instead decide empirically whether they are looking above it or below it in particular instances, based on parsimonious interpretation of the evidence. The CHA method presented here is a tool that allows systematists to draw inferences about particular species, even if we have little or no knowledge about what The Species truly is.
